INTRODUCTION
============

Prostate cancer (PCa) is one of the most common cancers in males in the United States and the third most common cause of cancer-related death \[[@B1]\]. The incidence of PCa is relatively lower in Korea than in Western countries. However, the age-adjusted incidence rate of PCa in Korea increased from 10.1 per 100,000 people in 2002 to 27.0 per 100,000 people in 2012 \[[@B2]\]. Prostate-specific antigen (PSA) is the most novel serum marker used for the early detection and management of PCa. The diagnosis of PCa is precipitated by a persistent increase in the serum PSA level, which triggers the performance of a prostate biopsy.

However, PSA testing is controversial owing to its relative lack of cancer specificity. In a previous study, approximately 20% to 30% of patients with potential PCa were not identified as having the disease at the time of the initial prostate biopsy \[[@B3]\]. The results of a prostate biopsy may include PCa, benign prostatic hyperplasia, high-grade prostatic intraepithelial neoplasia (HGPIN), and atypical small acinar proliferation (ASAP) \[[@B4]\]. HGPIN and ASAP have been recognized as premalignant lesions and are potential risk factors for PCa \[[@B5]\]. HGPIN is characterized by a distinctive architectural arrangement of cellular proliferations within preexisting ducts and glands as in PCa, but without the complete disruption of the basal cell layer and stromal invasion that are observed in carcinoma \[[@B6]\]. ASAP is commonly considered atypical foci suspicious for but not diagnostic of malignancy \[[@B7]\]. It has been reported that the cancer detection rate on repeat biopsy in patients with HGPIN ranges from 25% to 79%. The cancer detection rate on repeat biopsy in patients with ASAP ranges from 21% to 60% \[[@B8]\]. However, there is no consensus about the management of patients with HGPIN and ASAP.

Thus, after the initial biopsy, considerable numbers of patients are confronted with repeat biopsy. Although prostate biopsy is generally considered a safe and effective procedure, the possibility of (severe) complications and the cost associated with repeat biopsy should not be ignored. Patients may also experience fear and discomfort with repeat biopsy. Therefore, careful selection of patients for repeat biopsy is necessary to increase the probability of a positive biopsy and to reduce the number of unnecessary and uncomfortable biopsies.

Attention to the De Ritis ratio has recently increased in the urologic field. Aminotransaminases, including aspartate aminotransferase (AST) and alanine aminotransferase (ALT), are well-known biomarkers of hepatic function. ALT is a hepatocyte-specific enzyme expressed in the liver at high concentrations, whereas AST is expressed not only in the liver but also in various other tissues such as the skeletal muscle, kidney, heart, and brain \[[@B9][@B10][@B11]\]. Several previous studies have reported the efficacy of aminotransaminases as a prognostic factor for various cancers. Focusing on these characteristics of the De Ritis ratio, we evaluated whether the De Ritis ratio may be a meaningful factor for predicting PCa.

Proper interpretation of follow-up PSA testing is necessary after an initial negative biopsy result, and management of patients with suspected PCa, such as those with abnormal results on a digital rectal examination, increasing PSA, or premalignant findings at the initial biopsy, is also important. Although many studies have been conducted of the factors that may predict PCa in repeat biopsy, the results of these studies are controversial. Furthermore, selection of subjects for repeat biopsy among patients who are not subject to active surveillance is clinically important in the treatment of PCa. In this study, we evaluated factors predictive of a positive repeat biopsy result in patients with an initial negative prostate biopsy result.

MATERIALS AND METHODS
=====================

1. Study population
-------------------

Data from 211 patients in whom PCa was not detected in the initial transrectal ultrasound (TRUS)-guided prostate biopsy and who subsequently underwent repeat biopsy at our center between January 2011 and December 2017 were included and retrospectively reviewed. The exclusion criteria were as follows: 1) lack of blood test results including AST and ALT levels, 2) previously diagnosed hepatic disease (e.g., hepatitis, hepatic cellular cancer, liver cirrhosis), and 3) lack of regular follow-up. Finally, 124 patients were enrolled in this study. Initial prostate biopsy was performed when the serum PSA level was \>3.0 ng/mL, when there were abnormal findings on the digital rectal examination, or both. Additional repeat biopsies were done when the result of the first biopsy included ASAP or ≥3 cores of HGPIN \[[@B12][@B13]\] or when the serum PSA level was continuously increased. This study was approved by the Ethics Committee of the Kyungpook National University School of Medicine (approval number: KNUH 2018-11-009). Written informed consent of this study was disapplied due to its retrospective characteristics.

2. Prostate biopsy protocol
---------------------------

In our center, more than 800 prostate biopsies were performed in a year. All prostate biopsies were performed by using TRUS under local anesthesia. Most patients underwent TRUS-guided prostate biopsy in the outpatient department without admission. For the initial biopsy, 12-core prostate biopsy was performed, and for repeat biopsy, \>18-core prostate biopsy was performed.

3. Study design
---------------

This study was a retrospective single-center trial. [Fig. 1](#F1){ref-type="fig"} shows the study algorithm. We grouped the patients into group 1 (n=82), which included those without PCa in both the initial and repeat prostate biopsy, and group 2 (n=42), which included those in whom PCa was detected in the repeat prostate biopsy. Among group 2 patients, 6 had insignificant PCa according to the Epstein criteria \[[@B14][@B15]\] (Stage T1c, PSA density \[PSAD\] ≤0.15 ng/mL per gram, Gleason score ≤6, fewer than three positive cores, and \<50% of cancer involvement in any core). We further subclassified the patients into group A and group B. Group A (n=88) was defined as group 1 plus the 6 patients with insignificant PCa. Group B (n=36) comprised the remaining patients with significant PCa.

Clinicopathologic characteristics including age, initial PSA level, PSA level on repeat prostate biopsy, prostate volume, and the time interval between initial and repeat prostate biopsies were compared among the groups. Prostate volume was calculated by using TRUS. PSAD was defined as the PSA level divided by the prostate volume on initial biopsy. PSA velocity (PSAV) was calculated by dividing the time between the initial and the repeat biopsies with the change in the PSA level. The ratio of the serum activity of AST to that of ALT was defined as the De Ritis ratio \[[@B16]\]. The De Ritis ratio was calculated at least 4 weeks before the initial prostate biopsy.

4. Statistical analysis
-----------------------

The continuous variables of groups A and B were compared by using Student\'s t-test. Comparisons of noncontinuous variables were performed by using the chi-square test. The predictive accuracy of the De Ritis ratio was assessed by using receiver operating characteristic curve analysis. The cutoff value was set as the value that maximizes the sum of sensitivity and specificity. Comparisons between group A and group B were done in the same way as comparisons between groups 1 and 2. Multiple logistic regression models were used for multivariate analysis. Statistical analysis was performed by using SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA), and p-values \<0.05 were considered statistically significant.

RESULTS
=======

A total of 124 patients were enrolled. The clinicopathologic characteristics of groups 1 (n=82) and 2 (n=42) are shown in [Table 1](#T1){ref-type="table"}. The mean patient age was 64.19±7.83 years. The mean interval from the first to the repeat biopsy was 21.44±16.14 months. The mean serum PSA level at the time of the initial biopsy was 6.78±3.30 ng/mL and that at the repeat biopsy was 8.83±8.91 ng/mL, respectively. The mean prostate volume was 50.29±19.59 cm^3^. The mean PSAV was 1.51±10.29 ng • mL^−1^ • year^−1^, and the mean PSAD was 0.14±0.08 ng/mL^2^. Patients in group 2 were significantly older than those in group 1 (66.36±6.18 vs. 63.07±8.38 years, p=0.013). However, the biopsy interval, serum PSA level at the initial and repeat biopsies, prostate volume, PSAD, and PSAV were not significantly different between the groups. Of the patients, 21.0% (26/124) showed ASAP or ≥3 cores of HGPIN on the initial biopsy. The detection rate of ASAP or ≥3 cores of HGPIN on the initial biopsy was higher in group 2 than in group 1 (35.7% \[15/42\] vs. 13.4% \[11/82\], p=0.011). The mean De Ritis ratio was 1.42±0.05. The De Ritis ratio was significantly higher in group 2 than in group 1 (1.55±0.31 vs. 1.35±0.56, p=0.011). Multivariate analysis showed that age (odds ratio \[OR\], 1.082; 95% confidence interval \[CI\], 1.017−1.152; p=0.018), and detection of ASAP or ≥3 cores of HGPIN (OR, 3.707; 95% CI, 1.354−10.147; p=0.011) on the initial biopsy were the only predictive factors for a positive repeat biopsy.

The clinicopathologic characteristics of group A (n=88) and group B (n=36) are shown in [Table 2](#T2){ref-type="table"}. When we classified the patients into those with benign or insignificant PCa (group A) and those with significant PCa (group B), patients in group B were significantly older than those in group A (66.75±6.27 vs. 63.13±8.19 years, respectively, p=0.010). The biopsy interval, serum PSA level at the initial and repeat biopsies, prostate volume, PSAV, and the pathologic findings on the initial biopsy were not significantly different between groups A and B. The De Ritis ratio was significantly higher in group B than in group A (1.61±0.24 vs. 1.34±0.56, p=0.001). Multivariate analysis showed that age (OR, 1.107; 95% CI, 1.032−1.187; p=0.004) and the De Ritis ratio (OR, 2.670; 95% CI, 1.135−6.280; p=0.024) were significantly higher in group B.

DISCUSSION
==========

A repeat biopsy should be performed when a patient with a negative result in the initial biopsy continues to be suspected of having PCa, owing to an increasing PSA level, abnormal findings on a digital rectal examination, or a suspicious lesion on magnetic resonance imaging. Many patients with a negative result in the initial biopsy are often identified as having PCa in a repeat biopsy, and it is important to identify these patients. Furthermore, it is also important to select patients from those who are not undergoing active surveillance as candidates for repeat biopsy.

Previous studies have shown that the probability of PCa is high in patients with ASAP or HGPIN in the initial biopsy. There is considerable debate about whether HGPIN is truly a precancerous lesion with the potential to progress to PCa. However, the current evidence is also in conflict with the variable recommendations on the timing of repeat prostate biopsy. Epstein and Herawi \[[@B12]\], in their review article, concluded that patients with HGPIN do not have an increased risk for PCa compared with those with benign disease, and they recommended that repeat biopsy is not required within the first year of diagnosis of HGPIN. In contrast, Merrimen et al. \[[@B17]\] suggested performing repeat biopsy at 1 year for patients with multifocal disease and active surveillance thereafter. Dorin et al. \[[@B18]\] reported that one-third of patients with ASAP who were diagnosed as having PCa on a repeat biopsy within 1 year underwent radical prostatectomy and one-quarter underwent radiotherapy, suggesting that early repeat biopsy does identify clinically significant disease. In contrast, Warlick et al. \[[@B19]\] reported that only 17.3% of patients had Gleason 7 or higher disease at a median follow-up of \>4 years after an initial diagnosis of ASAP. Leone et al. \[[@B20]\] reported that 17% had an intermediate risk of cancer and 8% had high-grade PCa on repeat biopsy and recommended active surveillance with monitoring of PSA and digital rectal examination changes for patients with ASAP. In this study, 42 patients (33.9%) were diagnosed as having PCa in the repeat biopsy. Of these 42 patients, 6 patients (14.3%) were determined to have insignificant PCa according to the Epstein criteria. These 6 patients are potential candidates for active surveillance.

Recent studies have reported on the efficacy of the De Ritis ratio for determining urogenital malignancy. Lee et al. \[[@B21]\] reported that an increased AST/ALT ratio is significantly associated with worse postoperative survival in patients surgically treated for localized clear cell renal cell carcinoma. Gorgel et al. \[[@B10]\] reported that an increased De Ritis ratio is an independent prognostic factor in patients with bladder cancer who undergo radical cystectomy. Moreover, Cho et al. \[[@B22]\] reported that an increased De Ritis ratio is a prognostic factor for shorter cancer-specific survival and overall survival in patients with upper-tract urothelial carcinoma after radical nephroureterectomy. For PCa, the only trial that evaluated the significance of the De Ritis ratio in localized PCa was introduced in 2010, in which an elevated De Ritis ratio seemed to be related to higher Gleason score PCa \[[@B11]\]. The growth of well-differentiated PCa is thought to be dependent on testosterone. On the contrary, resistance to androgens is associated with poorly differentiated and rapidly proliferating PCa. Poorly differentiated PCa would behave aggressively, with a larger percentage of high-grade tumors, compared with well-differentiated cancer and therefore have a higher recurrence rate after RP. Schatzl et al. \[[@B23]\] found that higher Gleason sum PCa was associated with decreased circulating testosterone levels. Hepatic dysfunction is associated with decreased peripheral circulating testosterone secondary to its conversion to estrogens. Theoretically, greater conversion to estrogens would then favor the growth of poorly differentiated PCa, while providing inadequate stimulation for the proliferation of well-differentiated PCa. Recently, Wang et al. \[[@B24]\] reported that a higher De Ritis ratio could predict worse pathologic outcomes and higher biochemical recurrence in patients with localized PCa. However, there have been few studies on the predictors of PCa diagnosis in prostate biopsy. In our study, the De Ritis ratio (OR, 2.670; 95% CI, 1.135−6.280; p=0.024) was significantly higher in group B in the multivariate analysis.

However, it remains unclear why the De Ritis ratio is high in various cancers. A possible explanation may be that AST is expressed in a greater variety of tissues compared with ALT, and AST levels may be higher in cancer cells that exhibit higher proliferative status and tissue damage than in normal tissues. Another hypothesis is related to the glucose metabolism in cancer cells. Warburg \[[@B25]\] found that cancer cells produce energy primarily through glycolysis, as opposed to normal cells that use oxidative phosphorylation for energy production. Glycolysis is quicker and readily provides energy in the form of ATP required by rapidly proliferating cancer cells \[[@B26]\]. DeBerardinis et al. \[[@B27]\] suggested that in cancer cells, AST plays an important role in aerobic glycolysis by allowing the nicotinamide adenine dinucleotide hydride that had been generated in the cytoplasm to be effectively relocated within the mitochondria. It has also been reported that AST may be a valid molecular target for the development of anti-neoplastic agents \[[@B28]\]. Thornburg et al. \[[@B28]\] observed definite antimetabolic effects due to inhibition of AST, as well as suppressed proliferation of breast cancer cells with AST inhibition. Even with these academic insufficiencies, our study is the first to predict clinically significant PCa in a repeat prostate biopsy by using the De Ritis ratio.

Our study had some limitations, including its retrospective and single-center design. Moreover, because a considerable number of patients who did not undergo blood tests were excluded, a selection bias did exist. Concerning liver enzymes, in 2008 \[[@B29]\], Lazo et al. \[[@B29]\] studied the short-term variability in results of liver function tests in 1,864 men and women aged 18 years or older who underwent two liver function tests within a short interval. They concluded that more than 30% of adults with elevated AST, ALT, or bilirubin levels recovered to within the normal range with only resting and that clinicians should be aware of the high intra-individual variability in common liver tests. Furthermore, substantial diurnal variation in aminotransferase can exist \[[@B30]\]. Serum ALT levels can change over time, with the highest activity in the afternoon and the lowest at night and early morning. Therefore, variation in the time of blood testing may affect the variability in aminotransferase level. We did not control the timing or other factors that can influence the results of liver function tests. Also, we did not analyze the second liver function test before the repeat prostate biopsy. Individual alcohol and herb use were not recorded, which is also limitation of our trial. Prospective and multicenter trials should be done in the future.

CONCLUSIONS
===========

In this study, age and the detection of ASAP or ≥3 cores of HGPIN on the initial biopsy were associated with the detection of PCa on a repeat biopsy. In addition, age and the De Ritis ratio were predictive factors for the detection of clinically significant PCa on a repeat biopsy. These factors should be considered when planning repeat biopsy.
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![Study algorithm. Group 1, without prostate cancer (PCa) detection in initial and repeat prostate biopsy; group 2, PCa detected in repeat prostate biopsy; group A, benign or low-risk prostate cancer; group B, non-low-risk prostate cancer.](icu-60-447-g001){#F1}

###### Comparison of clinicopathologic characteristics of group 1 and group 2

![](icu-60-447-i001)

  Characteristic                          Total         Group 1       Group 2       p-value           
  --------------------------------------- ------------- ------------- ------------- --------- ------- -----------------------
  Total number of patients                124 (100.0)   82 (66.1)     42 (33.9)                       
  Age (y)                                 64.19±7.83    63.07±8.38    66.36±6.18    0.013     0.018   1.082 (1.017--1.152)
  Interval (mo)                           21.44±16.14   21.59±16.62   21.17±15.36   0.892             
  PSA of initial biopsy (ng/mL)           6.78±3.30     6.74±3.02     6.87±3.83     0.825             
  PSA of repeat biopsy (ng/mL)            8.83±8.91     8.90±10.48    8.68±4.57     0.895             
  Prostate volume (cm^3^)^a^              50.29±19.59   51.30±18.34   48.34±21.94   0.430             
  PSA velocity (ng • mL^-1^ • year^-1^)   1.51±10.29    1.74±11.90    1.08±6.15     0.738             
  PSA density (ng/mL^2^)                  0.14±0.08     0.14±0.08     0.15±0.08     0.230             
  Pathology of initial biopsy                                                       0.011             
   Benign                                 66 (53.2)     46 (56.1)     20 (47.6)                       
   1≤HGPIN≤2                              32 (25.8)     25 (30.5)     7 (16.7)                0.478   0.687 (0.244--1.936)
   ASAP or HGPIN ≥3                       26 (21.0)     11 (13.4)     15 (35.7)               0.011   3.707 (1.354--10.147)
  De Ritis ratio^b^                       1.42±0.05     1.35±0.56     1.55±0.31     0.011     0.100   1.937 (0.881--4.258)

Values are presented as number (%) or mean±standard deviation.

Group 1, without prostate cancer (PCa) detection in initial and repeat prostate biopsy; group 2, PCa detected in repeat prostate biopsy; OR, odds ratio; CI, confidence interval; PSA, prostate-specific antigen; HGPIN, high-grade prostatic intraepithelial neoplasia; ASAP, atypical small acinar proliferation.

^a^:Prostate volume was measured by transrectal ultrasonography. ^b^:De Ritis ratio: aspartate aminotransferase/alanine aminotransferase.

###### Comparison of clinicopathologic characteristics of group A with group B

![](icu-60-447-i002)

  Characteristic                          Total         Group A       Group B       p-value           
  --------------------------------------- ------------- ------------- ------------- --------- ------- ----------------------
  Total number of patients                124 (100.0)   88 (71.0)     36 (29.0)                       
  Age (y)                                 64.19±7.83    63.13±8.19    66.75±6.27    0.010     0.004   1.107 (1.032--1.187)
  Interval (mo)                           21.44±16.14   21.18±16.24   22.08±16.12   0.779             
  PSA of initial biopsy (ng/mL)           6.78±3.30     6.82±3.14     6.69±3.71     0.843             
  PSA of repeat biopsy (ng/mL)            8.83±8.91     8.85±10.13    8.78±4.87     0.968             
  Prostate volume (cm^3^)^a^              50.29±19.59   52.26±18.16   45.48±22.28   0.081             
  PSA velocity (ng • mL^-1^ • year^-1^)   1.52±10.29    1.38±11.90    1.85±4.51     0.820             
  PSA density (ng/mL^2^)                  0.14±0.08     0.13±0.08     0.16±0.09     0.062             
  Pathology of initial biopsy                                                       0.066             
   Benign                                 66 (53.2)     48 (54.5)     18 (50.0)                       
   1≤HGPIN≤2                              32 (25.8)     26 (29.5)     6 (16.7)                        
   ASAP or HGPIN ≥3                       26 (21.0)     14 (15.9)     12 (33.3)                       
  De Ritis ratio^b^                       1.42±0.50     1.34±0.56     1.61±0.24     0.001     0.024   2.670 (1.135--6.280)

Values are presented as number (%) or mean±standard deviation.

Group A, benign or low-risk prostate cancer; group B, non-low-risk prostate cancer; OR, odds ratio; CI, confidence interval; PSA, prostate-specific antigen; HGPIN, high-grade prostatic intraepithelial neoplasia; ASAP, atypical small acinar proliferation.

^a^:Prostate volume was measured by transrectal ultrasonography. ^b^:De Ritis ratio: aspartate aminotransferase/alanine aminotransferase.
